
FINAL REPORT FOR NAGW-249

PHYSICS OF THE INNER HELIOSPHERE 1- 10 Rs:

PLASMA DIAGNOSTICS AND MODELS

SUMMARY

While the mechanisms responsible for the solar corona and the high-speed solar wind

streams are still unknown, model computations offer means of predicting the properties of

such mechanisms in light of the empirical constraints currently available. Modeling and data

analysis efforts were aimed at understanding the plasma properties of the acceleration of

the solar wind, its filamentary nature, and the conditions needed to account for a rapidly

accelerating solar wind, reaching its terminal speed within 10 Rs. A sequence of models

ranging from steady one-fluid descriptions of the solar wind to multi-fluid time-dependent

models were developed. Plasma diagnostics evolved from the analysis of data acquired from

Skylab to SOHO, and complemented by ground-based observations.

MODEL COMPUTATIONS

Studies of two and three fluid solar wind models concentrated on the effects of heating,

momentum addition and Alfv_n waves, on the flow of electrons, protons, minor ions and

neutral hydrogen. The role of proton temperature anisotropy on the energy balance re-

quirements for the solar wind, and the implications for coronal heating processes were also

explored. The implications of current inferences of high proton and minor ion temperatures

in the inner corona for the interpretation of spectral lines were also investigated.

Model computations complemented by data analysis played a key role in the realization

that

• the fast solar wind undergoes very rapid acceleration in the inner corona and reaches its

asymptotic speed by 10 R_ (Habbal et al. !995, Esser and Habbal 1995, Esser et al. 1997).

These studies also established the necessary requirements for coronal heating mechanisms

to produce such profiles;

• heavy ions play a role in the solar wind flow (Li et al. 1997);

• significant temperature anisotropies in the protons and minor ions develop in the inner

corona in the presence of Alfv_n waves (Allen et al. 1997, Hu et al. 1997);

• high proton temperatures in the inner corona can have a significant impact on the formation

of some spectral lines there (Brickhouse and Esser 1996);



PLASMA DIAGNOSTICS BETWEEN 1 AND 10 l_

Recently, analyses of coordinated radio occultation measurements with white light and

ultraviolet observations provided the first evidence that

• the filamentary nature of structures in the solar wind are much smaller in streamer axes

than in coronal holes (Woo and Habbal 1997b);

• the quiet Sun is also very likely to be a source for the fast solar wind (Woo and Habbal

1997a);

• the fast wind is ubiquitous in the inner corona, the streamer axes are the locus of the

slowest solar wind, and a velocity shear exists between the fast and slow solar wind at the

boundaries of streamers and along their axes (Habbal et al. 1997).
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